INTRODUCTION
In 1992, annual aquaculture production in Japan totalled 1.4 million tonnes, and was valued at 711 billion yen (approximately US$7 billion). As a proportion of total national fishery production, this represented 15.1% (by volume) or 27.3% (by value). The principal fish and shellfish species used for aquaculture are as follows (Tables I  and II): -(in freshwater farms) common carp (Cyprinus carpio), tilapia (Oreochromis spp.), ayu (Plecoglossus altivelis), rainbow trout (Oncorhynchus mykiss) and native trout species * Department of Fisheries, The University of Tokyo, Yayoi 1-1-1, Bunkyo-ku, Tokyo 113, Japan. -(in marine farms) coho salmon (Oncorhynchus kisutch), Japanese amberjack (or 'yellowtail') (Seriola quinqueradiata), greater amberjack (Seriola dumerili), Japanese seabream (Pagrus major), Japanese jack mackerel (Trachurus japonicus), olive flounder (Paralichthys olivaceus), kuruma prawn (Penaeus japonicus), oyster (Ostreidae) and scallop (Pectinidae, Glycimeridae). Aquaculture has been developing rapidly and has become an important part of the fishery industry. It is now faced with many problems, however, one of which is the low price of the products due to over-production in domestic farms and competition from foreign imports.
The average daily per capita protein intake from fish and shellfish among the Japanese population was estimated at 18.5 g in 1992, representing 40.2% of total animal protein intake. Fish and shellfish are a staple part of the Japanese diet, and importation of fishery commodities has increased greatly over the last decade, mainly due to lower prices. In 1992, the total volume of imports was 2,971 thousand tonnes, valued at 1,680 billion yen. Live, chilled or frozen fish and shellfish comprised 78.9% (by volume) or 80.8% (by value) of the total of imported fishery products (Tables III  and IV) . Larvae and eggs of fish are also imported for aquaculture purposes. from all over the world, also importing A. japónica elvers from the Republic of Korea, Taipei China and the People's Republic of China. Importation was later reduced, however, due to the rapid development of eel culture in these countries. Several other species were also imported and attempts were made to farm them, but A. anguilla was the only foreign eel species successfully cultured in Japan. The first importation of A. anguilla was from West Germany, in 1968, and consisted of 69 kg (2) . Thereafter, large numbers of elvers were air-freighted regularly to Japan from Europe (mainly from France). Imports peaked in 1973 at 242 tonnes and later decreased (Fig. 1) . In 1974, catches of A. japónica fry significantly increased, while the survival rate virtually doubled through improvements in technology. In addition, A. anguilla gained a reputation among farmers for being a slow-growing, fastidious and pathogensensitive species in heated ponds with low water exhange. Thus few farmers specialised in the culture of the European eel.
Salmonids
Ten thousand rainbow trout eggs were introduced into Japan in 1877, from California, United States of America (USA). Efforts were devoted to the propagation of this species, now distributed widely throughout the country. Rainbow trout eggs have occasionally been imported for supplementation. Other species introduced for culture purposes include coho salmon, chinook salmon (Oncorhynchus tshawytscha), Atlantic salmon (Salmo salar) and sockeye salmon (Oncorhynchus nerka) ( Table V) .
The most widely-cultured salmonid in sea farms is the coho salmon, first introduced into Japan in 1975. Subsequently, a large number of coho salmon eggs have been imported annually from the Pacific coast of North America, due to the lack of natural 
stocks of this species in Japan. Artificial propagation is now successfully conducted in some hatcheries, but production is still much less than required by farmers. It was estimated that, in 1990, 44.5 million eggs were imported from the USA, 2.1 million from Canada, and 0.3 million from Chile (Table V) . The eggs are imported in autumn and incubated at inland hatcheries. Newly-hatched fry are fed for approximately one year on pellets in fresh water. From October to November of the following year, yearlings weighing approximately 200 g are transferred to sea farms and are stocked in large floating net cages anchored offshore. They are fed with frozen trash fish (those caught in large quantities, e.g. sardine, anchovy, lance) and moist and/or dry pellets until between June and August of the following year, when they are harvested at a weight of 2-4 kg.
Marine fish
In Japan, aquaculture industries grew very rapidly in the 1960s, production increasing by 400% in trout culture, 340% in carp culture and 270% in eel culture during this period. In marine aquaculture, the increase was even more dramatic. Development of floating net-cage culture methods made it possible to use most of the offshore areas surrounding Japan. In 1960, production of Japanese amberjack was only 1,431 tonnes, but this had increased thirty-fold by 1970 and more than 100-fold by 1980. Over-production caused the price of Japanese amberjack to decrease. As living standards have improved, the major trends in the diet of the Japanese have been towards diversification and improvement of food quality. Farmers ventured into the culture of species other than Japanese amberjack, especially valuable fish species with only small or no stocks in offshore Japan. Greater amberjack is one of the most profitable species, due to its higher market value and the availability of large quantities Importation of greater amberjack fry began in the late 1980s, and more than ten million fry were introduced into fish farms in south-western Japan in 1993. At present, a variety of marine fish seedlings are imported from Asian countries, such as Korea, Hainan and mainland China, Hong Kong, Taipei China, the Philippines and Vietnam (Fig. 2) . These include greater amberjack, Japanese seabream, seabass, black rockfish (Sebastes inermis), groupers (Epinephelus septemfasciatus, etc.), olive flounder, and kuruma prawn. Aquaculture of greater amberjack, seabass, black rockfish and groupers depends almost entirely on imported seedlings. Japanese seabream, olive flounder and kuruma prawn fry are imported, mainly due to the low cost compared with domestic fry.
TRANSMISSION OF PATHOGENS AND PARASITES
Traders and farmers in Japan can freely import fish eggs and fry for aquaculture purposes. With importations of eyed eggs of salmonid fish from the USA and Canada, an inspection report issued by the exporting authority is attached to the commodity. For other imported aquaculture seedlings, neither inspection reports nor disease records are available. Although direct evidence is quite difficult to find, it is strongly suspected that the agents and parasites causing the diseases mentioned below were introduced into Japan in association with aquaculture seedling importation. (15) . The pathogen spread to Taipei China, possibly through elvers exported from Japan as seedlings (6) . However, it is now considered that P. anguilliseptica was introduced from Europe. The main reasons for believing this are as follows:
-outbreaks of P. anguilliseptica infection first occurred a few years after the commencement of A. anguilla elver importation -A. anguilla is more resistant than A. japonica -the disease was later recognised among European eels (in Scotland and Denmark) (7, 10, 14) , and the bacterium was also isolated elsewhere in Europe from eels and other fish species (17) .
Dermocystidium anguillae infection
The fungus Dermocystidium anguillae was first reported on A. anguilla in East Germany by Spangenberg (13) , and was later found in Scotland in cultured eels (16) . The cysts are parasitic in the epithelial and connective tissues of the gills. Hatai et al. (3) found D. anguillae on the gills of A. anguilla reared in ponds in Japan. There is no record of parasitism on A. japonica.
Infectious haematopoietic necrosis
In 1971, infectious haematopoietic necrosis (IHN) virus was first isolated in the Hokkaido Fish Hatchery from diseased sockeye salmon fry, which originated from eyed eggs imported from Alaska (5). IHN is still one of the most serious disease problems in Japanese salmonid hatcheries. The host range includes sockeye salmon, chum salmon (Oncorhynchus keta), coho salmon, rainbow trout, cherry/masu salmon (O. masu) and other native trout species.
Bacterial kidney disease
In Japan, bacterial kidney disease (BKD) was first recognised among juveniles of chinook salmon, sockeye salmon, pink salmon (Oncorhynchus gorbuscha) and cherry/masu salmon in the Hokkaido Fish Hatchery and the Hokkaido Salmon Hatchery in 1973-1974 (5). The chinook salmon originated from eyed eggs imported from the USA, but it was unclear whether or not the eggs carried the bacterium.
Epitheliocystis
In June 1984 and June 1985, epitheliocystis was detected in stocks of Japanese seabream fry imported from Hong Kong and kept in the receiving facility for one week (8) . Ototake and Matsuzato (12) also reported outbreaks of epitheliocystis in Japanese seabream (5-8 cm in length and 6-10 g in weight) imported from Hong Kong in 1987.
Neobenedenia girellae infection
Neobenedenia girellae infection among Japanese fish was revealed as having originated from infected greater amberjack fry imported from Hong Kong and from Hainan (People's Republic of China) (1). Benedeniine specimens were collected from imported greater amberjack and examined (Table VI) . The prevalence of infections per shipment ranged from 7.7% to 70.0%. The specimens had signs of vitellogenesis and spermatogenesis, indicating that these were adult parasites. It takes approximately one week to transport live fish from either Hong Kong or Hainan to a final destination within Japan. During challenge tests, it was demonstrated that the onchomiracidia (larval stage) of N. girellae developed into adults approximately ten days after exposure. The possibility that the parasites could have reached maturity within a few days is remote, and it is therefore highly unlikely that the infection originated in Japan. Additional benedeniine specimens collected directly from greater amberjack kept in Hong Kong before shipment to Japan were identified as N. girellae, most of them containing an egg in the ootype. It was therefore concluded that N. girellae was introduced with imported greater amberjack. The diagnostic field survey also revealed that N. girellae survived and propagated on greater amberjack, and that infection then spread to other susceptible hosts (e.g. Japanese amberjack and olive flounder). 
Infection with 'rod-shaped nuclear virus of Penaeus japonicus'
In 1993, outbreaks of a viral disease forced many kuruma prawn farms in western Japan to be closed. The mass mortality resulted in a decrease in the annual production of 22% (by gross weight) or 10% (by value), compared with the previous year. Moribund prawns exhibited red colouration or decolouration, and white spots on the body. The outbreaks occurred on all shrimp farms where seedlings imported from the People's Republic of China had been introduced. The pattern of spread of the disease in shrimp-farming areas suggested that the causative agent was transmitted horizontally from the imported seedlings (11) . Degenerated cells, characterised by hypertrophied nuclei and stained homogeneously with haematoxylin, were observed in various tissues (most frequently in the cuticular epidermis and other tissues or organs, e.g. lymphoid organ, antennal gland, haematopoietic tissue and nervous tissue). Haemocytic encapsulations (20-50 µm in diameter) of necrotic cells were also frequently observed. These histopathological changes were observed in kuruma prawns sampled from stocks originating from the People's Republic of China, which were sacrificed one day after arrival in Japan (9) . Electron microscopy revealed a rod-shaped, enveloped, non-occluded virus in the nuclei of the cuticular epidermis of the stomach. Although the virus shared certain morphological characteristics with baculovirus species, it differed in that the nucleocapsid was not a true cylinder. The virus was temporarily named 'rod-shaped nuclear virus of Penaeus japonicus' by Inoue et al. (4) .
ACTIVITIES FOR CONTROL OF EXOTIC FISH PATHOGENS
There is only a limited system for quarantine of aquaculture seedlings imported into Japan. The Japan Fisheries Resources Conservation Association (JFRCA), a semigovernmental organisation, conducts voluntary inspection of pathogens in seedlings imported for aquaculture. Eighty to ninety percent of imported salmon eggs have been examined for BKD by the fluorescent antibody technique, and for cytopathogenic effects in RTG-2 and/or CHSE-214 cell-lines due to the causative viruses of salmon diseases such as infectious pancreatic necrosis, IHN, viral haemorraghic septicaemia and herpes. The JFRCA also conducts examinations, on a voluntary basis, for pathogens and parasites in a few other fish species imported from foreign countries.
The Fisheries Agency -administered by the Ministry of Agriculture, Forestry and Fisheries -is charged with fishery management, including disease control, at the national level. The Fisheries Agency has nine national research institutes in addition to the head office. One of these, the National Research Institute of Aquaculture (NRIA), has a fish pathology research division. The Fisheries Agency provides financial support to fish disease control activities conducted by Prefecture governments. There are forty-seven Prefecture governments in Japan, which operate their own institutes -i.e. Prefecture Fisheries Experimental Stations -and directly control fish farmers and their co-operatives. Approximately twenty Prefectures also have a Fish Disease Control Centre (FDCC). The Fisheries Agency also entrusts the JFRCA with fish health control activities, including voluntary inspection of imported aquaculture seedlings (Fig. 3) .
The JFRCA provides training on fish pathology and disease diagnosis for Prefecture government staff. This training is supported by funds from the Fisheries Agency. The training programme commenced in 1972, and offers a variety of courses: the principal course is of three-year duration (involving approximately two weeks of schooling each year). Approximately twenty-five trainees complete the course each year and apply for the 'Gyorui-boheki-shi' (meaning 'fish health specialist') examination. By 1994, the number of such specialists totaled 425. 
Organisations associated with fish health management Figures in brackets indicate the number of agencies/institutes
The Fisheries Agency entrusts the JFRCA with issuing publications aimed at improving fish disease prevention measures, as well as the standardisation of diagnostic methods. Several guidebooks are available (in Japanese), e.g. Atlas of fish diseases, Guide to diagnosis offish diseases, Manual for diagnosis offish diseases and Basic manual of diagnostic methods. Video films are also used to disseminate knowledge and instruct on techniques for fish disease control and related subjects.
The Fisheries Agency organised a committee for fish health management. For many years, the committee has been discussing matters related to regulations, including quarantine and regular inspection systems for fish disease. However, the committee faces the following problems:
-the large number of farms precludes regular inspection of each farm -too many kinds of fish are cultured in Japan (approximately thirty different marine fish species and more than ten freshwater fish species) -most of the imported mariculture seedlings are transported by ship; the aquariums in the ship are supplied with sea water from the ocean, and the effluent flows directly back to the ocean; if the fish carries any pathogen, the port would be contaminated before quarantine is conducted -most of the marine fish species imported into Japan for aquaculture have not yet been farmed in the exporting countries, and only very limited information is available on their disease susceptibility and status.
There appears to be no system to provide overall protection against the presence of exotic pathogens and parasites in imported aquaculture seedlings. It may be difficult to adopt a policy of total restriction of fish and depopulation in view of the huge indemnity fund which would be required. A continuous effort should be made, however, to reduce the high risk of introducing exotic pathogens. Appropriate regulations, including voluntary inspection systems, may serve to prevent or delay the spread of epizootics. Co-operation between exporting and importing countries is essential for effective operation of such regulations. Fish farmers and traders must also be willing to co-operate. The following tentative plans to improve health standards for imported aquaculture seedlings have been formulated: -more precise records on the importation of seedlings from all traders and farmers -exchange of information between the exporting countries and Japan on pathogens and parasites detected on or in mariculture seedlings -co-operative research with the exporting countries on diseases of mariculture seedlings -dissemination of epizootiological knowledge to traders and farmers -creation of a network system providing information on epizootics in aquaculture -development and standardisation of diagnostic techniques. PALABRAS CLAVE: Anguilas -Comercio internacional -Huevos y larvas para la acuicultura -Japón -Langostino kuruma -Parásitos -Patógenos -Pez limón -Salmónidos.
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